The Role of Saprophytic Fungi in the Production of Eczematous Dermatitis I. The Location of Fungi Within Human Nails by Jillson, Otis Field & Piper, Edmund L.
THE ROLE OF SAPROPHYTIC FUNGI IN THE PRODUCTION
OF ECZEMATOUS DERMATITIS
I. THE LOCATION OF FUNGI WITHIN HUMAN NAILS
OTIS FIELD JILLSON, M.D.* AN]) EDMUND L. PIPER, M.D.t
For many years we have been interested in the role of inhalant allergens in the
production of eczematous dermatitis (1—3). In testing with the various inhalant
allergens, the greatest number of positive reactioas of the delayed 24—48 hour
type was found with molds, followed in frequency by dust and feathers. Molds
are common to these three, for they are always present in dust, and may be the
activating factor in feather antigenicity.
It is well known that a primary requisite for the development of bacterial and
fungous allergy of the delayed type is the presence of intact microorganisms (4).
This delayed type of sensitization is usually produced by active infection. For
example, it is not possible to produce this allergic state by repeated injections of
extracts of organisms such as trichophytin or tuberculin. Therefore, it is con-
ceivable that the presence of saprophytic fungi in various human tissues may
initiate this allergic response. Once established, eezematous dermatitis can then
be aggravated or precipitated by inhalation or possibly by ingestion of sapro-
phytic molds.
This paper, the first in a long-term investigation of the problem, is concerned
with the location of fungi in human toenails.
MATERIALS AND METHOD5
Specimens of human nail used in this study consisted chiefly of corner clippings
of toenails. Forty-seven clippings from thirty patients were examined histologi-
cally. In addition, entire toenails with the underlying nail beds were studied for
orientation and comparison.
Finely shaved pieces of nail were cultured both on Sabouraud's slants con-
taining 0.25 mg. per milliliter of Chloromycetin' and 0.5 mg. per milliliter of
Acti-dione' and on Sabouraud's slants containing only Chloromycetin'.
PREPARATION OF HISTOLOGIC SECTIONS
1. Place nail clipping in Stender dish containing warmed sterile gelatin.
2. Keep in 370 C. oven nvernight with Stender dish cnvered.
3. Place in refrigerator 2—3 hours, uncovered.
4. Section longitudinally nn the freezing microtome at 10 microns and collect in dis-
tilled water.
5. Collect desired sections in a Conch crucible nnd place in warm (37° C.) periodic acid
0.5% for 10 minutes.
* Instructor in Dermatology, Dartmouth Medical School, and Staff Member, Hitchcock
Clinic, Hanover, N. H.
1 Resident in Dermatology, Hitchcock Clinic, Hanover, N. H.
Presented at the Seventeenth Annual Meeting of The Society for Investigative Derma-
tology, Inc., Chicago, Illinois, June 10, 1956.
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6. Rinse in distilled water and place in Sehiff reagent (Dc Tomasi 1936) for 40—60 min-
utes. The longer time is required if the Sehiff reagent is at refrigerator temperature rathe-
than at room temperature. It is very important that the Sehiff reagent be clear and eolorr
less.
7. Place in fresh sulfurous acid rinse for 4 minutes. Repeat.
8. Wash in tap water for 5 minutes and then briefly wash in distilled water.
9. Counterstain with dilute Harris' hematoxylin (2.5 cc. of Harris' in 40 cc. of distilled
water) for 9 minutes.
10. Rinse in tap water 5 minutes, transfer to distilled water, and mount with glycerine
jelly.
RESULTS
A brief summary of the nnatomy of the normal mature nail will aid in the
discussion of the histologic findings. The following is a description of the nail
from the excellent article of Lewis (5). The mature nail is composed of three
layers: the superficial layer, or dorsal nail; the main nail body, or intermediate
nail; and the deepest layer, or ventral nail. The greatest thickness is in the inter-
mediate layer, with the dorsal layer being very thin. The ventral layer varies
from complete absence up to a thickness one-third that of the intermediate layer.
These three layers are best delineated by silver stains. The Periodic Acid-
Schiff procedure also clearly differentiates the nail into three layers (Fig. 1).
FIG. 1. Differentiation of the Nail into Three Layers by the McManus Procedure. Lon-
gitudinal Section X 50.5. A. Dorsal Layer. B. Intermediate Layer. C. Ventral Layer. D.
Hyperkeratotic Nail Bed.
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There is an ill-defined accumulation of Schiff-positive, non-glycogen material in
the dorsal layer. When present, the ventral nail is sharply differentiated from
the intermediate nail as a markedly Schiff-positive, non-glyeogen layer. Al-
though the intermediate layer is relatively Schiff-negative, there are transverse
zone of Sehiff-positive material slanting obliquely eaudally and extending from
the ventral layer up to the dorsal layer.
The histologic findings will be described under the headings of pathogenic
fungi, saprophytie fungi, and a combination of the two.
Pathogenic Fungi
Only two species of pathogens were isolated, Trichophyton rubrum and Tn-
chophyton mentagrophytes. Their locations in the mature nail were characteristic
and markedly different. The filaments of T. rubrum were chiefly confined to the
thickened ventral nail (Fig. 2). The fine, segmented, branching hyphae did not
invade the adjacent interlocking, hyperkeratotic projections of the nail bed
(Fig. 3).
Although the infection was chiefly limited to the ventral layer, at times there
was extension of the fungous growth into the intermediate nail. In these instances,
the fungus showed a predilection for the Schiff-positive transverse zones, pene-
trating all the way to the surface of the nail (Fig. 4).
Fie. 2. llyphae of T. rubrum Confined to the Thickened Ventral Nail which Contains
a Schiff -Positive, Non-Glycogen Material. Longitudinal Section >< 36.
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FIG. 3. Hyphae of T. rubrum in the Ventral Nail which are not invading the Hyper-
keratotic Nail Bed. (A) Longitudinal section X 163.
On the other hand, the infection by Trichophyton mentagrophytes began in
and remained confined to the dorsal layer. It involved either the entire dorsal
surface of the nail, or only a small focal area (Fig. 5).
Saprophytic Fungi
Infection by saprophytic fungi was found either in the superficial dorsal layer
or in the intermediate layer of the nail. Large fungous filaments, sometimes
ill-defined and segmenting into large multiform arthrospores, were character-
istically noted in the intermediate Schiff-negative layer (Figs. 6, 7). The infec-
tion did not extend into the ventral nail or the iiail bed. Similar fungous fila-
ments were found in the dorsal layer.
Combined Infection
Infection with saprophytic fungi involving the intermediate nail was noted in
nails which were also infected by either T. rubrum or T. mentagrophytes. Each
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FIG. 4. Hyphae of T. rubrum extending into the intermediate nail along Sehiff-positive
transverse zones. Longitudinal section X 94.
Fxo. 5. Hyphae of T. mentagrophytes located in the dorsal 'ayer of the nail. Longi-
tudinal section X 173.
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FIG. 6. Saprophytic fungus growing in the intermediate Sehiff-negative layer of the
nail. The ventral nail is absent. Longitudinal section >( 50.5.
FIG. 7. Saprophytic fungus of Fig. 6 magnified >< 43.3 to demonstrate the large hyphae
segmenting into irregular odd-shaped arthrospores.
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FIG. 8. Combined infection of nail with saprophyte (A) and T. rubrum (B). Longi-
tudinal section X 36. Note that each is confined to its own zone of optimal growth.
type of infection remained confined to its optimal zone of growth. For example,
in Fig. 8 it can be observed that the saprophytic fungus is growing in the inter-
mediate nail, whereas the pathogen is found in the thickened ventral layer.
DISCUSSION
Two factors have simplified the histologic study of fungi in nails. In the first
place, adequate information is obtainable by studying small sections of nail that
can be easily and painlessly removed by scissors or a rongeur. Secondly, by
simply embedding the nail spccimens in gelatin, adequate softening through
hydration is obtained to allow sectioiing on the freezing microtome without
fixation. *
The most complete previous study on the histologic examinations of fungous
infections of the nails is by Sagher (6). In this report, complete nails obtained
from 14 patients were examined. Trichophylon violaceum was the cause of onycho-
mycosis in one patient and T. rubrum in two patients. In addition, T. rubrum was
isolated from the skin of four patients but not from their nails. In the remaining
seven patients, the fungi were not identified except for one species of Candida.
* Technical assistance given and this method devised by Doris Brophy, B.A., Lie. es
Sc., Hanover, N. H.
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Our findings are in agreement with his on the location of T. rubrum infection
and show that there is a great predilection for this fungous infection to remain
confined to the thickened, ventral, Schiff-positive, non-glycogen layer. When
T. rubrum does invade the intermediate layer, there is a tendency for this exten-
sion to be along the Schiff-positive transverse zones. T. rubrum filaments may
even reach the surface of the nail along these paths. Positive KOH preparations
and cultures for this fungus have been obtained from the surface of the nail near
its proximal portions. Our findings are in agreement with Sagher that T. rubrum
infection initially involves the deep ventral nail. This differs from the views of
Benedek (7) and the findings of StUhmer (8).
Clinically, superficial onychomycosis is a very common disease which has
been completely described by Sulzberger and Lewis (9). It is referred to techni-
cally as leukonychia trichophytica. The usual causative organism is T. mentag-
rophytes. Sagher also noted that T. violaceum produced a superficial onychomyco-
sis. However, it is not uncommon for this disease to be produced by saprophytic
fungi (10).
The most important observation of our studies is the finding of saprophytic
fungi growing in the Schiff-negative intermediate zone. The filaments are ex-
tremely thick, with irregular odd-shaped arthrospores. Nails containing only
this type of fungous infection appear normal except for some thickening. There is
no subungual hyperkeratosis. This saprophytic infection remains confined to the
intermediate zone, and when it is combined with T. rubrum infection of the
nail, the two infections are clearly separated, each showing a great tendency to
thrive in its respective zone of predilection.
SUMMARY
Histologic examination of human nails was simplified by two means, as fol-
lows: by using nail clippings, which were found to give adequate histologic
mycologic data; and by embedding the nail clippings in gelatin, which adequately
softened the nails by hydration and allowed sectioning on the freezing microtome
without fixation.
Saprophytes and pathogens existed separately, each with a predilection for
its own zone of optimal growth. T. mentagrophytes was localized in the surface,
dorsal layer of the nails. T. rubrum was chiefly confined to the thickened, Schiff-
positive, non-glycogen, ventral layer of the nail, and did not invade the nail
bed. This fungus sometimes penetrated to the surface of the nail via Schiff-
positive transverse zones. Saprophytes were found in the dorsal layer and in the
Schiff-negative intermediate layer. They did not invade the ventral layer or nail
bed.
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DISCUSSION
DR. Tinox BENEDEK (Chicago, Ill.): The paper of Dr. Jilison has brought up
again an interesting subject, that is, the role of saprophytic fungi as causative
agents in skin diseases, especially, what he calls "eczematous dermatitis". Since
he did not define what he understands under this label, the whole matter remains
somewhat nebulous. Ballagi has given (Zentralbi. f. Haut- u. Geschlechtskr.,
35: 593, 1930) an excellent summary about this trend of research at a meeting
of the Hungarian Dermatological Association. In Dr. Jillson's study the focus
used was that of the non-pathogonic fungi found in the toe-nails. I do not want
to go into the discussion of the value and merit of antigens prepared from non-
pathogenic fungi for the purpose of skin testing. This subject was discussed last
year on this place extensively (Benedek, Wilson, Rostenberg, Jr.) in connection
with Peck et al.'s paper on serodiagnosis of moniliasis (J. Invest. Dermat. 25:
301, 1955). The method used in the present study, histological localization of
fungi in nail clippings, does not add any evidence for the etiologic role of the
same fungi. Nail clippings represent dead material, far outside the living organism
and completely deprived of the influence of the biologic forces of the host's living
tissues. In etiologic research of skin diseases there is only one decisive factor, the
relationship of the suspected pathogenic agent to the living tissues of the host in
the primary lesion. Immunobiologic tests (allergic skin testing, serodiagnosis)
alone are and remain highly equivocal and therefore, in themselves, valueless
for the purposes of etiologic evidences. Fungus cultures, even pure cultures, in
themselves alone, are no evidence for their etiologic role. A fungus culture does
not imply the existence of a fungus disease. Therefore, for the sake of a sounder
trend in research, I would like to suggest to bring on two signs in any laboratory
pursuing etiologic research with fungi. One should read: "A fungus culture in
itself is no proof for the existence of a fungus disease." The other one is a jingle
with sound advice for research workers. It reads: "I saw a rabbit climb on a
tree. If you don't believe it, I will show you the tree." $apienti sat.
DR. THEODORE CORNBLEET (Chicago, Ill.): In observations on the self-steri-
lizing properties of the skin, normal skin disposes of test organisms more rapidly
than does the skin with eczema or dermatitis venenata. The skin in eczema, too,
harbors more kinds of bacteria and larger numbers of them. It seems to me on
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the basis of this that antigens made from a greater variety and number of micro-
organisms would result in a larger number of positive intradermal reactions. I
believe, too, we should be cautious about drawing conclusions from these results.
A kind of control to these tests is to make two antigens from saprophytic organ-
isms not collected from the skin. The one antigen should contain several kinds of
organisms, the other to contain these same organisms and in addition several
other saprophytes. It is probable the second antigen would produce more positive
intradermal tests.
DR. JACOB H. SWARTZ (Boston, Mass.): This may not be directly related to
the subject but it is the place to bring it up. I want to caution against reporting
saprophytes as causative agents in onychomycosis or chronic paronychia. The
burden of proof is on the one who reports micro-organisms other than T. rubrum,
T. mentagrophytes T. schoenleini or Candida albicans as causative agents in
onychomycosis and chronic paronychia respectively.
DR. OTIS FIELD JILLSON (in closing): I want to thank the discussors for their
helpful comments.
I have long been interested in Dr. Benedek's work. The study of nails was a
by-product of the maj or problem which is that of the role of saprophytic fungi
in the production of eczematous dermatitis. We found that nail clippings were
adequate for the study of fungi. We did, however, study the entire nail and also
nail with the accompanying nail bed initially for orientation.
Dr. Cornbleet, this report was not on the results of skin tests. This is a problem
that has been going on for some time. It is a long one because it is necessary to
isolate the saprophytes from the nails then to make autogenous antigens and
finally to compare these to the various stock allergens.
Dr. Swartz, you will recall that the important finding of our study was the
isolation of saprophytes from the intermediate nail. In these cases, the nails
appeared normal. Also, saprophytes are found in great number on the surface of
the nail and clinically may produce a superficial onychomycosis that is identical
with that of trichophytica leukonychia.
